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ABSTRACT. Our heart is a vital organ that pumps blood and through the vessels of the circulatory system. In medical applications, we can observe the heart 
rate using Electrocardiograph (ECG). Currently, people tend to have high working activity without a proper exercise intensity. This study was conducted to 
observe the heart rate variability (HRV) on the healthy young woman who was not doing any exercise. We evaluated the HRV characteristics while exercising 
with a regular period and different intensity (light to hard) and how the difference before and after of evaluation period. Seven young-healthy women (19 - 21 
years old) women were observed during three observation stages: pre-exercise, main exercise-period, and post-exercise for 2 months. We analyzed MeanRR, 
SDRR, CVRR, rMSSD, VLF, LF, HF, and the Poincaré plot parameters (SD1 and SD2) as the HRV properties. We found that SDRR was decreased from the 
first week (0.08 s) to the last week of the evaluation period (0.03 s) followed by the HF component (0.15 – 0.2 Hz). The Poincaré plot properties also reduced 
from the first week to the last week of the exercise period (0.07 s to 0.03 s). We indicated the characteristics of a woman's HRV during regular exercise periods 
with different intensity have made the heart more effective in pumping blood. We concluded that the heart condition would be improved during regular exercise 
with the increment of intensity even in a short of a period. Finally, the heart rate performance may be decreased during absent from regular exercise for a 
month.  
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1. INTRODUCTION 
As we already know that the heart is a special pump that 
contracts for the delivery of blood throughout the body [1]. 
The pumping action is based on the electricity flows through 
the heart and repeats itself in a cycle that we know as heart 
rate or heart pulse [2]. Heart rate can be interpreted as the 
speed of the heartbeat measured by the number of 
contractions per unit of time, and it can be determined by 
computing the heart rate variability (HRV). Heartbeat is 
defined as the work of the heart muscle that occurs between 
contraction (systole) and relaxation (diastole). The 
frequency of the heartbeat shows how fast the heart pumps 
blood through the circulatory system. Along with the heart 
rate, measurements of arterial pressure can indicate the 
health of a person measured as an initial reference for a 
doctor to determine the health condition of a patient [3].  
A heart attack is one of the deadliest causes of the 
disease, which also called a silent killer. Regular exercise 
can help to maintain the human heart health and manage the 
cardiovascular system more efficient in pumping blood and 
delivering oxygen to the muscles. Therefore, the mechanism 
of the release of adrenaline and lactic acid to the blood will 
increase heart rate [3]. Currently, we already know that the 
HRV was able to represent the autonomic nervous function 
and improving the diagnose of medical application. HRV 
can be measured by recording heart data from an 
Electrocardiograph (ECG) device. Using an ECG, we not 
only record the heart rate signal but we also able to observe 
how much variation in heart rate can be known. This 
variation of heart rate is a reference in diagnosing human 
health conditions [4]. 
 The utilization of HRV and how it can be used to assess 
the cardiovascular autonomic parameters is still ongoing and 
suggested as an important study. It also used as an essential 
method for assessing cardiovascular autonomic parameters 
that represent the control regulation of the autonomic 
nervous system (sympathetic and parasympathetic 
modulation) [5, 6]. By evaluating the HRV through the ANS 
regulation, it is possible to evaluate the function of the 
cardiovascular system to recognize healthy and diseased 
states due to the vagal-mediated HRV indices were inversely 
associated with several risk factors (diabetes, glucose, 
intolerance, insulin resistance, central obesity, dyslipidemia, 
and hypertension) [7]. While HRV is largely applied to 
diagnose cardiac diseases, recent studies demonstrated the 
application of HRV in exercise training [8 - 11]. Their 
findings supported the use of HRV as a marker to represent 
the ANS modulation, and it is suggested that monitoring 
indices of HRV during several time courses of training or 
adaptation/maladaptation could improve exercise 
performance [7, 11, 12].    
In the previous studies, they found that the effect of 
exercises was able to increase the blood pressure caused by 
routine physical training on heart performance [8]. 
Nonetheless, a study by Etzel found the interests of the 
differences of exercise between men and women, 40% of 
women not doing any exercise or physical activities. In 
addition, only 30% of men not doing any exercises [9]. 
Regarding this issue, the idea arises to analyze the effect of 
exercise intensity on heart rate variability in young-healthy 
 
P a g e  | 2 Rahayu et al. (2021), Heart Rate Variability Analysis and The Influence of Exercise Intensity … 
Website: https://ejournal2.undip.ac.id/index.php/jbiomes    © JBIOMES – ISSN: 2252-xxxx. All rights reserved 
women who not regularly doing any exercises. Specifically, 
we would like to demonstrate how the routine with 
incremental intensity could affect the cardiac properties and 
how the difference between pre- and post-exercise regarding 
the HRV parameters. Our hypothesis is the HRV properties 
changed during time, and our study could contribute to 
expanding the knowledge of sports physiology related to an 
exercise program to improve a healthy cardiovascular 
system. 
2. MATERIALS AND METHODS 
2.1 Research Ethics 
This research has obtained informed consent from all 
subjects involved. This research has been attempted to 
follow the Declaration of Helsinki research that regulates the 
rules when research relates to human subjects. 
2.2 Subjects 
Seven subjects participated in this study. The subjects' age 
was between 18-22 years. All subjects should have a normal 
BMI scale, same height, not smoke or vape, and not 
routinely exercise of any type. Subjects should refrain from 
consuming drugs, food, or drinks that can trigger the 
cardiovascular system, and no heart disease history. A 
Healthy criterion means that the subject in a normal 
condition according to its function. There are no diseases 
disorder and can run daily activities normally. We obtained 
that information by conducting a health condition 
questionnaire or history of the disease given to the subject 
before the study was conducted. The subject's normal BMI 
has criteria sourced from the Indonesian Ministry of Health 
with the criteria of women; skinny: <17 kg / m2, normal: 17-
23 kg / m2, obesity: 23-27 kg / m2, obesity:> 27 kg / m2 [4]. 
Subject BMI calculations were assisted using the BMI 
calculator application. The subject was also given informed 
consent before the study was conducted. Subjects who are 
not willing to fill out the Informed Consent will not continue 
to be the subject of this research. 
2.3 Experimental Design  
The experiment conducted during the standing position. We 
were using ATTYS, a bio-signal acquisition device, and the 
sampling frequency was set to 250 Hz. This proposed study 
was using the ECG limb leads II placement system. Subjects 
were standing during data recording, and they were not 
allowed to talk or move their body since the beginning of the 
experiment. The length of the ECG data retrieval was set to 
twenty minutes. 
The type of applied exercise is the jump rope. Recorded 
data were separated into three parts/sessions. The first part 
was a week before the implementation of the regular 
exercise (Pre-Exercise). The second part was the day after 
the physical activity or exercise periods (conducted three 
times a week for two months). During the physical activity’s 
routine, the jumping intensities were increased 25 jumps 
every week until the end of physical activity periods with 
200 jumps in total. The third part of the experiment was the 
post-exercise period that taken a month after the exercise 
periods. 
2.4 Signal Processing and Features Extraction 
We established ECG peaks detection algorithm to extract the 
features. We detect and extracted the R-R peaks that came 
from the heartbeat to beat interval for 20 minutes recording. 
Then we calculated the time and frequency domain 
parameters. Also, we include the Poincaré Plot analysis to 
represent the non-linear analysis method. 
The time-domain analysis consists of the mean of R-R 
intervals duration (MeanRR), the standard deviation of the 
beats intervals (SDRR), the ratio between SDRR and 
MeanRR (CVRR), and the root means square of standard 
deviation (rMSSD). The frequency-domain analysis is 
observing the component frequency by using Fourier 
transform frequency decomposition of the R-R time series 
that divided into Very Low Frequency/VLF (0.0033 - 0.04 
Hz), Low Frequency/LF (0.04 - 0.15 Hz), and High 
Frequency/HF (0.15 - 0.4 Hz).  
The Poincaré Plot analysis observes the R-R interval that 
plotted against the previous R-R intervals. The center point 
of the plot represents the average R-R interval length of the 
plot. The interval lengths are longitudinal and transverse 
lines. The length of the transverse lines is defined as the 
SD1. The SD2 is perpendicular to the transverse line that we 
called the longitudinal line. The Poincaré index SD1 and 
SD2 were computed.  
2.5 Data Analysis 
We employed the non-parametric method to analyze the data 
and observed the difference between exercise periods.  The 
data were presented using mean and standard deviation 
(SD). We also examine the correlation between subjects' 
data to find the relationship of physiological parameters 
changes with the exercise periods. The probability value was 
set to 0.05, which means that if the p-value less than 0.05, 
the comparative analysis considered different significantly. 
3. RESULTS 
Seven participants were joined this study and their cardiac 
properties were observe over 2 months. This study 
demonstrated the HRV parameters were able to represent 
cardiac modulation changes over time courses on a young-
healthy woman who not able to exercise regularly. The time 
and frequency domain, and non-linear methods consistently 
show the trend changes from the beginning of the 
experiment until post-exercise. 
Fig. 1 shows an example of HRV indexed on a subject 
that there were changes that occurred every week with the 
increment of jumps. It was indicated by the variations of R-
R intervals tend to decrease from the 1st week to the 8th week, 
respectively. The interesting finding that the HF components 
were decreased, especially the frequency around 0.15 - 0.2 
Hz. However, the pre-post conditions show no significant 
difference both in time and frequency domain.  
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According to Poincaré Plot analysis that represents a 
non-linear method to reflect the cardiac properties, it is 
depicted in Fig. 2 that HRV properties changes occurred in 
each week observation as same as the time and frequency 
domain. The results were indicated by the elliptical pattern 
of the Poincaré plot (SD1 & SD2). In the Poincaré plot, the 
1st week parameters show the deviation from the Poincaré R-
R interval is around 0.7 s - 0.86 s. The 2nd , 3rd , 4th , 5th , 6th 
, and the 8th  week are around 0.65 s - 0.75 s, 0.55 s - 0.63 s, 
0.63 s - 0.70 s, 0.55 s - 0.63 s, 0.50 s - 0.56 s, 0.58 s - 0.60 s, 
and 0.55 s - 0.60 s respectively. Pre-exercise is in the range 





Fig. 1 The R-R intervals time series and the frequency components tend to decrease over time 
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0.50 s-0.60 s. The elliptic size that shows the longitudinal 
and transverse length also shows a reduced tendency along 
different weeks. As same as the time and frequency domain, 
the tendency shows the same properties that reflect the 
cardiac parameters are changed over 2 months exercise 
routine with incremental intensity every week. 
According to Fig. 1 and 2, we could identify that the 
variation of R-R intervals plays a big-role to differentiate the 
cardiac modulation changes during 2 months of exercise 
routine with different intensities each week. As already 
mentioned in the previous section that the variation or 
deviation of R-R time intervals could reflect the cardiac 
properties and explain how the cardiac modulation as well. 
To strengthen these findings, we established the SDRR 
index evaluation over seven young-healthy women during 
pre-post exercise and during the eight weeks experiment. 
Based on Fig. 3(a)., it shows us that there were consistent 
patterns that occurred in all subjects. The variation of R-R 
intervals or the SDRR index tends to decrease, and these 
alterations are identical to the participants from the first 
week to the last week of exercise periods. Also, there is a 
high deviation of R-R interval in the first week compared 
with other weeks when the exercise began to be applied to 
all subjects. 
The chart in Fig. 3(b) shows the pre-post subjects' SDRR 
parameter to reflect cardiac changes. It is depicted that the 
pre- and post-condition are decreased during exercise. Pre-
exercise SDRR is higher than post-exercise, but it does not 
occur in subject 7. However, the statistics show that the 
results indicated the data were not showing any difference at 
the beginning of the exercise compared to post-exercise. 
Based on the time-frequency domain, and geometrical 
analysis from Poincaré plot characteristics, we found that the 
SDRR index is the most sensitive parameter that reflects the 
cardiac changes compared to other parameters. According to 
Fig. 3(c), there are significant differences shown at 1st week 
to 2nd, 3rd, 4th, and 5th week. There also significant 
differences between 2nd week with the 3rd, 4th, and 5th week, 
followed by the 3rd week with 4th, 5th, 6th week. In addition, 
the significant difference also found between 5th week to the 
6th week. However, there is no significant differences in 7th 
and 8th week. 
To reinforce the SDRR as an important parameter in this 
study, we examine the consistency of SDRR parameter on 
every subject by correlating the parameter with different 
time courses. All data on SDRR have a high correlation 
value (p-value < 0.05) except for the comparison between 
subject 5 and subject 2, and between subject 5 and subject 4. 
This parameter has a high correlation test, seen only two data 
Table 1. The correlation between subjects regarding 
the SDRR parameter in different exercise time 
courses  
 
 S1 S2 S3 S4 S5 S6 S7 
S1 1       
S2 0.826 1      
S3 0.915 0.810 1     
S4 0.873 0.980 0.844 1    
S5 0.794 0.640 0.707 0.684 1   
S6 0.877 0.749 0.838 0.836 0.706 1  
S7 0.942 0.888 0.850 0.949 0.804 0.884 1 
 
 
Fig. 2 The Poincaré Plot analysis in different weeks of exercise  
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that do not correlate. It can be concluded that the SDRR 
parameter is a feature that able to show the correlation of 
HRV changes from the first week to the last week in each 
subject. 
 
4.   DISCUSSIONS 
4.1 HRV Exercise Periods and Pre-Post Exercise 
The R-R interval's data already showed in Fig. 1 and 2 
demonstrated the changes that occurred during the exercise 
periods with incremental intensity each week. Fig. 1 
depicted that there is a pattern or trend that decrease every 
week during the period of regular exercise. Not only the time 
domain properties but also the frequency domain in the 
specific frequency range. The changes also can be seen in 
Fig. 2, which the size of the ellipse of Poincaré Plot analysis 
(SD1 & SD2) tends to shrink, both the longitudinal and 
transverse lines every week as well. This phenomenon 
showed that cardiac properties are changed when exercise is 
routinely carried out as a training effect [13]. Besides, there 
is a high R-R intervals value in the first week when the 
exercise began to be applied. That is because there is a 
process of bodily adaptation, especially in the part of the 
heart, as the cardiac system that makes adjustments that 
initially never did exercise at the beginning of the study. 
After doing some routine exercise with different intensity, 
the characteristics of the heart also change with time [14,15].  
Even though Fig. 3(a) and 3(c) shows that the heart rate 
characteristics reduced over time, the tendency seems to 
approach the initial cardiac conditions before the experiment 
begins.  During a month's absence of exercise routine, we 
can see that the variability of cardiac changes during pre- and 
post-exercise are not much different. Regarding those 
results, we found that each week's transition strongly related 
to the improvement of the cardiovascular profile. The 
previous study reported that both aerobic and anaerobic 
moderates physical training, and it can improve the 
cardiovascular characteristic due to the decrement of heart 
rate properties in a specific population [14]. 
To ascertain changes in heart conditions, hypothesis 
testing, and correlation tests on HRV data were obtained. 
Based on Fig. 3, the SDRR parameter provides the highest 
difference compared to other cardiac indexes. These findings 
can be seen from the number of exercise weeks that have p-
values of the statistical test less than 0.05. Also, the 
correlation test performed in Table 1 convinces with mostly 
have a high correlation and the overall results that we already 
obtained reflect the physiological changes as the effect of the 
training, and most informed by SDRR parameter. 
4.2 Physiological Changes 
SDRR parameter is the most informative parameter that 
show the physiological changes in the heart that occurred 
during this study. The decrease in the trend that occurs from 
the first week to the last week shows that physiological 
changes in the heart when exercise is routinely carried out. 
Besides, there are high R-R intervals values in the first week 
when the exercise began to be applied. This surge in SDRR 
can be caused by the physiological adaptation response of a 
person's body during routine exercise, and endurance 
training will cause many changes to the cardiovascular 
system. The heart rate changes on the SDRR parameter that 
have decreased indicates that the heart's performance in 
pumping blood is getting more maximal. This is because the 
 
 
Fig. 3 SDRR parameter as the most informative cardiac properties to represent physiological changes during exercise 
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excessive activity of the muscles during exercise will 
stimulate other body systems. This excessive muscle 
contraction requires the metabolic system to provide more 
energy for the continuation of muscle contraction. This also 
stimulates the cardiovascular system to provide oxygen 
needs while distributing the residue of metabolism. In order 
to complete the needs of energy, metabolism in the muscles 
will increase. This increase in metabolism requires a source 
of energy and oxygen; at the same time, it will also be 
followed by the removal of metabolic waste in the muscles. 
Increased demand and residue of metabolism require the 
cardiovascular system to increase blood flow to the muscles. 
The decrease in SDRR every week shows that the heart rate 
has decreased or has slowed when routine exercise is 
applied. Decreasing or slowing heart rate is caused by the 
enlargement of the systolic ventricular volume and the 
contents of the heart stroke, which has an impact on the 
increased capacity or ability of the heart to drain blood. In a 
medical journal said that regular physical exercise for long 
periods would lead to increased efficiency of cardiovascular 
function. Reduction in pulse frequency, physiological heart 
enlargement, and decreased peripheral resistance are forms 
of this efficiency [3]. Besides, results were obtained (Fig. 2), 
and show an increase in the trend that occurred at 8th week 
on subject 1, subject 2, subject 3, and subject 4. Most likely, 
an increase in trend occurred due to the maximum ability of 
body adaptation in exercise. 
5.   CONCLUSION 
The HRV characteristics of the young-healthy woman 
during regular exercise for two months with incremental 
jumps intensities have made the heart more effective in 
pumping blood. According to the SDDR index, it shows that 
the SDRR value tends to decrease in different weeks. The 
SDRR parameters are decreased from the highest value 
during the first week of exercise until the last week of the 
experiment (0.08 s to 0.03 s), and it is also similar from the 
frequency domain in the HF component (0.15 – 0.2 Hz), and 
the Poincaré plot as well. The correlation test also shows that 
inter-subject analysis mostly shows a strong relationship 
between the cardiac indexes and the changes in the exercise 
time courses. Finally, the cardiac properties may be 
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